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TITLE OF THE INVENTION 

SEmCONDUCTOR DEVICE AND MANUFACTURING METHOD FOR THE SAME 

CROSS-REFERENCE TO RELATED APLICATIONS 
5 This application is based upon and claims priority of Japanese 
Patent Application No. 2002-240540, filed on August 21, 2002, 
the contents being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention 

The present invention relates to a semiconductor device 

where an element and wiring are connected via a silicide film, 

and a manufacturing method for the same. Particularly, the 

present invention relates to a semiconductor device including 
15 a transistor operating at low voltage and a transistor driven 

at high voltage like flush memory, and relates to a 

manufacturing method for the same. 

2. Description of the Prior Art 

A semiconductor device such as flush memory is composed 
20 of low voltage transistors operating at low voltage of 5 V or 

lower and high voltage transistors operating at high voltage 

of about 20 V, which are mixedly mounted. 

FIG. 1 is a sectional view showing a connecting portion 

of the high voltage transistor and wiring in a conventional 
25 semiconductor device. With reference to the FIG. 1, a 

manufacturing method for the conventional semiconductor device 

will be described. 



First, a trench is formed at a predetermined position of 
a semiconductor substrate 10. The trench is filled with an 
insulating material such as SiQ? (silicon oxide) to form an 
element isolation film 11. A surface of the semiconductor 
5 substrate 10 is then oxidized to form a gate insulation film 

(not shown) . On the gate insulation film, a gate electrode 12 
is formed in a predetermined pattern. 

Thereafter, impurities are introduced into the surface of 
the semiconductor substrate 10 at comparatively low 
10 concentration using the gate electrode 12 as a mask to form a 

li<£itly doped drain (LDD) layers 13. The LDD layer 13 is 
formed on both sides of the gate electrode 12, but only one 
LDD layer 13 is shown in FIG. 1. 

Over the entire upper surface of the semiconductor 
15 substrate 10, an insulation film such as SiQ, is formed. The 

insulation film is anisotropically etched to be left only on 
both sides of the gate electrode 12 as sidewalls 14. 

Over the entire upper surface of the semiconductor 
substrate 10, an insulating material such as SiOz is deposited 
20 to form an interlayer insulation film 15. The gate electrode 

12, the LDD layer 13, the element isolation film 11 and the 
like are covered with this interlayer insulation film 15. 

Subsequently, the interlayer insulation film 15 is 
selectively etched with photolithography to form a contact 
25 hole 15h reaching the LDD layer 13. Then, impurities are ion- 

implanted at high concentration into the surface of the 
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semiconductor substrate 10 through the contact hole 15h to 

form a source/drain layer 13a. 

The contact hole 15h is then filled with an electrical 

conductor such as metal to form a contact plug 15a . 
5 Subsequently, a metallic film is formed on the interlayer 

insulation film 15 and then patterned by photolithography to 

form wiring 16. 

In the semiconductor device manufactured in such a manner, 

a withstanding voltage of the transistor relates to a distance 
10 a between the source/drain layer 13a and the gate electrode 12. 

The longer the distance a is, the higher the withstanding 

voltage of the transistor is. 

In recent years, miniaturization of the semiconductor 

devices tends to be further accelerated. Along with the 
15 miniaturization, the area of a contact portion between the 

wiring and any one of the gate electrode and the source/drain 

layer has been reduced. Accordingly, in order to further 

improve properties of the contact portion, a silicide film 

formed by a salicide process has become used. 
20 FIG. 2 is a sectional view showing another example of the 

conventional semiconductor device. With reference to FIG. 2, 

a conventional method of manufacturing a semiconductor device 

including the salicide process will be described. 

First, impurities are ion- implanted at high concentration 
25 into an element isolation region of the semiconductor 

substrate 20 to form an impurity region 21 for element 

isolation. A surface of the semiconductor substrate 20 in the 
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element isolation region is oxidized to form an element 
isolation film 22. 

The surface of the semiconductor substrate 20 in an 
element region is then oxidized to form a gate insulation film 
5 (not shown) . On the gate insulation film, a gate electrode 23 

is formed of polys ilicon in a predetermined pattern. 
Subsequently, impurities are ion- implanted into the 
semiconductor substrate 20 at low concentration using the gate 
electrode 23 as a mask to form LDD layers 24. The LDD layers 

10 24 are formed on both sides of the gate electrode 23. 

Over the entire upper surface of the semiconductor 
substrate 20, an SiN (silicon nitride) film 25 to be a 
silicide block is then formed and patterned in a predetermined 
shape. Impurities are then ion- implanted at high 

15 concentration into each LDD layer 24 through an opening of the 

SiN film 25 to form a source/drain layer 24a. Over the entire 
upper surface of the semiconductor substrate 20, a metallic 
film such as cobalt or tungsten is formed and then heat- 
treated to form silicide films 26a and 26b on the surfaces of 

20 the gate electrode 23 and the source/drain layer 24a, 

respectively. Uhreacted part of the metallic film is then 
removed by etching. 

Subsequently, an insulation film such as SiOa is deposited 
on the entire upper surface of the semiconductor substrate 20 

25 to form an interlayer insulation film 27. In the interlayer 

insulation film 27 , a contact hole 27h reaching the 
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source/drain layer 24a is formed arid filled with a conductive 
material to form a contact plug 27a. 

A metallic film is then formed on the interlayer 
insulation film 27 and patterned by photolithography to form 
5 wiring 28. In such a manner, the semiconductor device is 

completed. 

However, the Inventors consider that there is a problem 
shown below in the above described conventional method of 
manufacturing a semiconductor device. 

10 In the semiconductor device shown in FIG. 2, the 

withstanding voltage of the transistor relates to a distance a 
between the gate electrode 23 and the source/drain layer 24a. 
On the other hand, when the contact hole 27h is formed in the 
interlayer insulation film 27 by photolithography, a margin b 

15 is necessary for mask alignment. The size of the silicide 

film 26b thereby needs to be larger than a size c of an end 
tip of the contact hole 27h. Accordingly, in the conventional 
method of manufacturing the semiconductor device, the 
transistor is increased in size by the margin b for mask 

20 alignment, that is, by the distance between an edge of the 

source/drain layer 24a and the contact plug 27a, thus limiting 
density improvement of the semiconductor device. 

SUMMARY OF THE INVENTION 
25 In the light of the above problem, an object of the 

present invention is to provide a semiconductor device 
including a silicide film on a gate electrode or a 
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source/drain layer and allowing further density improvement 
compared with the conventional one, and a manuf actixring method 
for the same. 

The above subject is solved by a semiconductor device 
5 including: a semiconductor substrate; a gate electrode formed 

on the semiconductor substrate; a low concentration impurity 
layer formed by introducing impurities at a low concentration 
into the semiconductor substrate on each side of the gate 
electrode; a first insulation film formed at least on the low 

10 concentration impurity layer; an opening provided in the first 

insulation film to expose part of the low concentration 
impurity layer ; a source/drain layer formed by introducing 
impurities into the low concentration impurity layer at a 
position aligned with the opening at a concentration higher 

15 than that of the low concentration impurity layer; a silicide 

film formed by siliciding a surface of the source/drain layer ; 
a second insulation film formed on the semiconductor substrate 
to cover the gate electrode and the first insulation film; a 
contact hole formed in a width larger than that of the opening 

20 at a position aligned with the opening in the second 

insulation film, the contact hole reaching the source/drain 
layer from a upper surface of the second insulation film via 
the opening; a contact plug formed by filling the contact hole 
with an electrical conductor; and wiring formed on the second 

25 insulation film and electrically connected to the silicide 

film via the contact plug. 
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In the present invention, the source/drain layer is 
formed at the position aligned with the opening of the first 
insulation film. In the present invention, the opening of the 
first insulation film (silicide block) is formed in a width 
5 smaller than that of the contact hole, and the silicide film 

on the source/drain layer and the contact plug are connected 
to each other via the opening. Accordingly, the distance 
between the gate electrode and the source/drain layer can be 
nuiiimized, thus allowing density inprovement of the 
10 semiconductor device while ensuring a required withstanding 

voltage . 

The above subject can be solved by a manufacturing method 
for a semiconductor device including the steps of: forming a 
gate electrode on a semiconductor substrate; forming a low 

15 concentration impurity layer by introducing impurities into 

the semiconductor substrate at a low concentration using the 
gate electrode as a mask; forming a first Insulation film on 
the semiconductor substrate and the gate electrode, and 
forming an opening exposing part of the low concentration 

20 impurity layer by patterning of the first insulation film; 

forming a source/drain layer by introducing inpurities into 
the low concentration impurity layer through the opening at a 
concentration higher than that of the low concentration 
impurity layer; forming a silicide film by siliciding a 

25 surface of the source/drain layer inside the opening; forming 

a second insulation film over an entire upper surface of the 
semiconductor substrate; forming a contact hole exposing the 



silicide film by etching the second insulation film in a width 
larger than that of the opening of the first insulation film; 
forming a contact plug by filling the contact hole with an 
electrical conductor; and forming wiring on the second 
5 insulation film, the wiring being electrically connected to 

the silicide film via the contact plug. 

In the present invention, the source /drain layer is 
formed by introducing impurities at a high concentration into 
the low concentration impurity layer through the opening of 

10 the first insulation film. Accordingly, the source/drain 

layer is approximately the same as the opening in size. 

Subsequently, the second insulation film is formed on the 
semiconductor substrate, and the contact hole with a width 
larger than that of the opening of the first insulation film 

15 is formed by etching the second insulation film. At this time, 

if the etching is carried out under the condition where the 
etching rate of the second insulation film is kept higher than 
that of the first insulation film, the first insulation film 
is hardly etched. Accordingly, the space within the opening 

20 becomes as an end tip of the contact hole on the substrate 

side. 

Consequently, the distance between the contact hole and 
the edge of the source/drain layer becomes almost zero, and 
the distance between the contact hole and the gate electrode 
25 is reduced compared with the conventional one. This enables 

the semiconductor device to be highly integrated. 
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Furthermore, the above described subject is solved by a 
semiconductor device including: a semiconductor substrate; a 
gate electrode formed on the semiconductor substrate; a low 
concentration impurity layer formed by introducing impurities 
5 at a low concentration into the semiconductor substrate on 
each side of the gate electrode; a first insulation film 
formed on the low concentration inpurity layer and the gate 
electrode; an opening provided in the first insulation film, 
the opening exposing part of the gate electrode; a silicide 

10 film formed by siliciding a surface of the gate electrode 

inside the opening; a second insulation film formed on the 
semiconductor substrate to cover the gate electrode and the 
first insulation film; a contact hole reaching the low 
concentration impurity layer from a upper surface of the 

15 second insulation film; a source/drain layer formed by 

introducing inpurities into the low concentration impurity 
layer at a position aligned with the contact hole at a 
concentration higher than that of the low concentration 
impurity layer; a contact plug formed by filling the contact 

20 hole with an electrical conductor; and wiring formed on the 
second insulation f ilm and electrically connected to the 
source/drain layer via the contact plug. 

In the present invention, the silicide film is formed on 
the gate electrode using the first insulation film as a 

25 silicide block. The contact hole reaching the low 

concentration impurity layer from the upper surface of the 
second insulation film (interlayer insulation film) is formed. 
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The source/drain layer is formed by introducing inpurities at 
a high concentration into the low concentration impurity layer 
through the contact hole. Accordingly, the distance between 
the contact hole and the edge of the source/drain layer is 
almost zero, and density improvement of the semiconductor 
device is attained. 

Still furthermore, the above described subject is solved 
by a manufacturing method for a semiconductor device, 
including the steps of: forming a gate electrode on a 
semiconductor substrate; forming a low concentration impurity 
layer by introducing impurities at a low concentration into 
the semiconductor substrate using the gate electrode as a 
mask; forming a first insulation film over an entire upper 
surface of the semiconductor substrate , and then forming an 
opening exposing part of the gate electrode by patterning the 
first insulation film; forming a silicide film by siliciding a 
surface of the gate electrode inside the opening; forming a 
second insulation film over an entire upper surface of the 
semiconductor substrate; forming a contact hole reaching the 
low concentration impurity layer from a upper surface of the 
second insulation film; foiming a source/drain layer by 
introducing impurities into the lew concentration impurity 
layer through the contact hole at a concentration higher than 
that of the low concentration impurity layer; forming a 
contact plug by filling the contact hole with an electrical 
conductor; and forming wiring on the second insulation film. 
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the wiring being electrically connected to the source/drain 
layer via the contact plug. 

In the present invention, the silicide film is formed on 
the gate electrode using the first insulation film as a 
5 silicide block. After the second insulation film (inter layer 

insulation film) is formed, the contact hole is formed, which 
reaches the low concentration impurity layer from the upper 
surface of the second insulation film. Thereafter, irrpurities 
are introduced at a high concentration into the low 
10 concentration impurity layer through the contact hole to form 

the source/drain layer. Accordingly, the distance between the 
contact hole and the edge of the source/drain layer becomes 
almost zero, and density improvement of the semiconductor is 
attained. 

15 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a sectional view showing a connecting portion 

of a high voltage transistor and wiring in a conventional 

semiconductor device. 
20 FIG. 2 is a sectional view showing another example of the 

conventional semiconductor device. 

FIGs. 3A to 3D are sectional views showing a 

manufacturing method for a semiconductor device according to a 

first embodiment of the present invention. 
25 FIG. 4 is a top view schematically showing examples of 

shapes of an opening of an SiN film and contact holes. 
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FIGs. 5A to 51 are sectional views showing an example of 
a manufacturing method for a semiconductor device including 
both a low voltage transistor and a high voltage transistor to 
which the manuf acturlng method for a semiconductor device of 
5 the first embcKiiment is applied. 

FIGs. 6A and 6B are views, each showing an example of a 
shape of each opening in a formation region of the high 
voltage transistor of the first embodiment. 

FIGs. 7A to 7D are views, each showing an example of a 
10 shape of each contact hole in the formation region of the high 

voltage transistor of the first embodiment. 

FIGs . 8A to 8D are sectional views showing a 
manufacturing method for a semiconductor device according to a 
second embodiment of the present invention. 
15 FIG. 9 is a top view schematically showing an example of 

a shape of contact holes. 

FIGs. 10A to 10L are sectional views showing an example 
of a manufacturing method for a semiconductor device including 
both a low voltage transistor and a high voltage transistor to 
20 which the manufacturing method for the semiconductor device of 

the second embodiment is applied. 

FIGs. 11A to 11B are top views, each showing an example 
of a shape of each contact hole in the second embodiment. 



25 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

A description will be made below for embodiments of the 
present invention with reference to the acxxxnpanying drawings. 
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(First embodiment ) 

FIGs. 3A to 3D are sectional views showing a 
manufacturing method for a semiconductor device according to a 
first embodiment of the present invention in a process order. 
5 First, as shown in FIG. 3A, a trench is formed in an 

element isolation region of a semiconductor substrate 30. The 
trench is filled with an insulating material such as SiQ, to 
form an element isolation film 31. A surface of the 
semiconductor substrate 30 in an element region is then 

10 oxidized to form a gate insulation film (not shown) . On the 

gate insulation film, a gate electrode 32 is formed of 
polysilicon in a predetermined pattern. 

Subsequently, impurities are ion - implanted at low 
concentration into the surface of the semiconductor substrate 

15 30 using the gate electrode 32 as a mask to form an LDD layer 

33. Over the entire upper surface of the semiconductor 
substrate 30, an SiN film 34 to be a silicide block is formed, 
for exanple, in a thickness of 115 nm. The SiN film 34 is 
patterned in a predetermined shape by photolithography to form 

20 an opening 34a where part of the LDD layer 33 is exposed and 

an opening 34b where part of the gate electrode 32 is exposed. 
The opening 34a is, for exanple, 180 nm in width, and the 
opening 34b is, for example, 360 nm x 360 nm in size. Note 
that the silicide block may use, for example, a two layer film 

25 composed of an SiQ2 layer (lower layer) with a thickness of 15 

nm and an SiN layer (upper layer) with a thickness of 100 nm. 
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In the embodiment, when the opening 34a of the SiN film 
34 is formed, it is not necessary to take into consideration a 
margin for mask alignment in formation of the contact hole. 
In other words, the opening 34a may be set to a minimum size 
5 necessary for connection between a contact plug and a source 

/drain layer, which will be described later. 

As shown in FIG. 3B # inpurities are ion- implanted at high 
concentration into the surface of the LDD layer 33 through the 
opening 34a of the SIN film 34 to form a source/drain layer 

10 33a. Thereafter, a metallic film such as cobalt or tungsten 

is formed over the entire upper surface of the semiconductor 
substrate 30 and heat-treated. This causes metal atoms in the 
metallic film and silicon atoms in the surface of the gate 
electrode 32 and the LDD layer 33 react with each other, so 

15 that silicide films 36a and 36b are formed on the LDD layer 33 

and the gate electrode 32, respectively. Unreacted part of 
the metallic film is then removed by etching. 

As shown in FIG. 3C, over the entire upper surface of the 
semiconductor substrate 30, an interlayer insulation film 37 

20 is formed of an insulating material such as SiO^ for example, 

in a thickness of 650 nm. The interlayer insulation film 37 
is then etched by photolithography to form a contact hole 37h 
reaching the silicide film 36a on the source/drain layer 33. 
In this case, the contact hole 37h is formed at a position 

25 aligned with that of the opening 34a of the SiN film 34, and 

the size of the contact hole 37h is determined in 
consideration of the margin for mask alignment. Specifically, 
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the size of the contact hole 37h is set larger than that of 
the opening 34a of the SiN film 34 by the margin size for mask 
alignment. When the interlayer insulation film 37 is etched 
under a condition of a high etching selectivity of SiOa and SiN, 
5 the SiN film 34 is hardly etched, and the end tip position of 

the contact hole 37h is self -aligningly decided (that is, at 
the position of the opening 34a of the SiN film 34 ) . 

Subsequently, as shown in FIG. 3D, the contact hole 37h 
is filled with metal such as tungsten (W) to form a contact 

10 plug 37a. Specifically, over the entire upper surface of the 

semiconductor substrate 30, a titanium (Ti) film, for example, 
with a thickness of 40 nm and a titanium nitride (TIN) film, 
for example, with a thickness of 15 nm are sequentially formed, 
and the wall surface and the bottom surface in the contact 

15 hole 37h are covered with the Ti film and the TiN film. 

Tungsten is then deposited over the entire upper surface of 
the semiconductor substrate 30. The contact hole 37h is 
thereby filled with tungsten, and a tungsten film is formed on 
the interlayer insulation film 37. The tungsten film, the Ti 

20 film, and the TiN film are then polished and removed by 

Chemical Mechanical Polishing (CMP) until the interlayer 
insulation film 37 is exposed. The tungsten, the TiN film, 
and the Ti film remaining in the contact hole 37h constitute 
the contact plug 37a. 

25 As shown in the top view of FIG . 4 , for example , the 

opening 34a of the SiN film 34 is formed as a slit parallel to 
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the gate electrode 32, and the contact holes 37h are arranged 
at constant Intervals along the slit 34a. 

Then, on the Interlayer insulation film 37, a metallic 
film is formed. The metallic film is a laminated film, for 
example, including a Ti film with a thickness of 20 nm, a TiN 
film with a thickness of 50 nm, an aluminum (Al) film of 500 
nm and a TIN film with a thickness of 100 nm, which are 
laminated in this order. The metallic film is then patterned 
by photolithography to form wiring. A predetermined wiring 
line 38 in the wiring is electrically connected to the 
source/drain layer 33a via the contact plug 37a and the 
silicide film 36a. The semiconductor device is thus completed. 

In this embodiment, the end tip position of the contact 
hole 37h is self-aligningly determined using the opening 34a 
of the SUNT film 34 as the silicide block. Accordingly, the 
distance between the gate electrode 32 and the source/drain 
layer 33a does not relate to the margin for alignment in the 
formation of the contact hole 37h. Therefore, the distance 
between the source/drain layer 33a and the gate electrode 32 
can be made small and density inprovement of the semiconductor 
can be attained. In this embodiment, since the source/drain 
layer 33a and the contact plug 37a are electrically connected 
via the silicide film 36a, contact property is excellent. 

FIGs. 5A to 51 are sectional views showing a 
manufacturing method for a semiconductor device including a 
low voltage transistor and a high voltage transistor to which 
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the manufacturing method for a semiconductor device of the 
first embodiment of the present invention is applied. 

First, as shown in FIG. 5A, trenches are formed in 
element isolation regions of a p-type silicon semiconductor 
substrate 40 . The trenches are filled with an insulating 
material such as Si02 to form element isolation films 41. Note 
that, instead of the above described Shallow Trench Isolation 
(STI), the element isolation films may be formed by Local 
Oxidation of Silicon (LOCOS) . 

Subsequently, p-type impurities or n-type impurities are 
selectively introduced into a formation region of an n-channel 
low voltage transistor, a formation region of a p-channel low 
voltage transistor and a formation region of a p-channel high 
voltage transistor to form a p well 42a, an n well 42b and a n 
well 42c, respectively. 

Surfaces of the semiconductor substrate 40 in element 
regions are then oxidized to form gate insulation films (not 
shown) . On the gate insulation films in a formation region of 
an n-channel high voltage transistor, the formation region of 
the n-channel low voltage transistor, the formation region of 
the p-channel low voltage transistor and the formation region 
of the p-channel high voltage transistor, gate electrodes 43a, 
43b, 43c and 43d are formed in predetermined shapes, 
respectively . 

Subsequently, n-type impurities are introduced at low 
concentration into the surface of the semiconductor substrate 
40 using the gate electrode 43a as a mask to form LDD layers 
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44a of the n- channel high voltage transistor. Further, n-type 
iitpurities are introduced into the surface of the p well 42a 
at low concentration using the gate electrode 43b as a mask to 
form LDD layers 44b of the n-channel low voltage transistor. 

Similarly, p-type impurities are introduced at low 
concentration into the surface of the n well 42b using the 
gate electrode 43c as a mask to form LDD layers 44c of the p- 
channel low voltage transistor. Further, p-type irrpurities 
are introduced at low concentration into the surface of the n 
well 42c using the gate electrode 43d as a mask to form LDD 
layers 44d of the p -channel high voltage transistor. 

Subsequently, as shown in FIG. 5B, an SiQz film 45 is 
formed over the entire upper surface of the semiconductor 
substrate 40, and an SiN film 46 to be silicide blocks is 
further formed thereon. In this embodiment, sidewalls on both 
sides of each of the gate electrodes 43b and 43c are formed of 
the Si02 film 45 and the SiN film 46, but the sidewalls can be 
formed of only any one of the SiQ, film and the SiN film. 

Subsequently, a photoresist film is formed on the SiN 
film 46, and exposure and development are performed to form 
resist films 47 covering regions where the silicide film is 
not formed as shown in FIG. 5C. The SiN film 46 and the SiQz 
film 45 are anisotropics 11 y etched using the resist films 47 
as masks. 

By such anisotropic etching, the gate electrodes 43b and 
43c of the low voltage transistors and the LDD layers 44b and 
44c of the same are exposed, and part of each LDD layer 44a 
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and part of the gate electrode 43a of the n- channel high 
voltage transistor and part of each LDD layer 44d and part of 
the gate electrode 43d of the p-channel high voltage 
transistor are exposed through openings 47a # 47b, 47c and 47d 
5 of the resist films 47, respectively. On side portions of 

each of the gate electrodes 43b and 43c, sidewalls (self - 
aligned sidewalls) 48 are formed of the SiOz film 45 and the 
SiN film 46. 

As shown in FIGs. 6A and 6B, the opening 47a (or the 
10 opening 47c) is shaped as a plurality of rectangles arranged 

along the gate electrode 43a (43d), or alternatively, slit- 
shaped along the gate electrode 43a (43d). 

After the resist films 47 are removed, as shown in FIG. 
5D, a photoresist film 49 is formed, which covers the 
15 formation region of the p-channel low voltage transistor and 

the formation region of the p-channel high voltage transistor. 
N-type impurities are then ion- implanted at high concentration 
into the LDD layers 44a and 44b of the n-channel high voltage 
transistor and the n-channel low voltage transistor using the 
20 SIN film 46 and the sidewalls 48 as masks to form source/drain 

layers 50a and 50b, respectively. The resist film 49 is then 
removed. 

Subsequently, as shown in FIG. 5E, a photoresist film 51 
is formed, Which covers the formation region of the n-channel 
25 low voltage transistor and the formation region of the n- 

channel high voltage transistor. P-type inpurities are then 
ion - implanted into the LDD layers 44c and 44d of the p-channel 
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low voltage transistor and the p- channel high voltage 
transistor using the SiN film 46 and the sidewalls 48 as masks 
to form source/drain layers 50c and 50d, respectively. The 
resist film 51 is then removed. 
5 A metallic film such as cobalt or tungsten is formed over 

the entire upper surface of the semiconductor substrate 40 and 
heat-treated. This causes metal atoms in the metallic film 
and silicon atoms in the silicon film react with each other in 
part where the metallic film and the silicon film are in 

10 contact with each other, thus forming silicide films 52a , 52b, 

52c, 52d, 53a, 53b, 53c and 53d on the source/drain layers 50a, 
50b, 50c and 50d, the gate electrode 43a, 43b, 43c and 43d, 
respectively, as shown in FIG. 5F. Unreacted part of the 
metallic film is then removed by etching. 

15 Subsequently, as shown in FIG. 5G, an SiC^ film is formed 

over the entire upper surface of the semiconductor substrate 
40 as an interlayer insulation film 54. 

Thereafter, as shown in FIG. 5H, contact holes 54h are 
formed by photolithography, which reach the silicide films 52a, 

20 52b, 52c and 52d from the upper surface of the interlayer 

insulation film 54. In this case, in the formation regions of 
the high voltage transistors, the size of the contact holes 
54h are set larger than that of the openings of the SiN film 
46 as the silicide block by the margin size for mask alignment. 

25 Therefore, the end tip positions of the contact holes are 

self -aligningly set to positions of the respective openings of 
the SiN film 46. Each of the contact holes 54h in the 
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formation regions of the high voltage transistors is, for 
example as shown in FIGs. 7A to 7D, slit-shaped or shaped as 
rectangles arranged along the gate electrode 43a (or the gate 
electrode 43d) . 

5 As shown in FIG. 51, the contact holes 54h are filled 

with metal such as tungsten to form contact plugs 55a , 55b, 
55c and 55d, respectively. A metallic film, for example, 
including a Ti layer, a TIN layer, an Al layer and a TiN layer, 
which are laminated in this order, is then formed on the 

10 interlayer insulation film 54. The metallic film is then 

patterned by photolithography to form wiring. Specified 
wiring lines 56a, 56b, 56c and 56d in the wiring are 
electrically connected to the source/drain layers 50a, 50b, 
50c and 50d via the contact plugs 55a, 55b, 55c and 55d. 

15 As described above, the manufacturing method for a 

semiconductor device of this embodiment can be applied to the 
manufacturing method for a semiconductor device including low 
voltage transistors and high voltage transistors mixedly 
mounted. Also in this case, the distance between the 

20 source/drain layer and the gate electrode of each high voltage 

transistor can be made smaller, so that an effect of attaining 
the density improvement of the semiconductor device can be 
obtained. 

(Second embodiment) 
25 FIGs. 8A to 8D are sectional views showing the 

manufacturing method for a semiconductor device of a second 
embodiment of the present invention in a process order. 
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First, as shown in FIG. 8A f a trench is formed in an 
element isolation region of a semiconductor substrate 60, and 
the trench is then filled with an insulating material such as 
SiOz to form an element isolation film 61. Thereafter, a 
surface of the semiconductor substrate 60 in an element region 
is oxidized to form a gate insulation film (not shown) . On 
the gate insulation film, a gate electrode 62 is formed of 
polysilicon in a predetermined pattern. 

Subsequently , impurities are ion - implanted at low 
concentration into the surface of the semiconductor substrate 
60 using the gate electrode 62 as a mask to form an LDD layer 
63. Over the entire upper surface of the semiconductor 
substrate 60, an SIN film 64 to be a silicide block is formed, 
for example, in a thickness of 115 nm. The SIN film 64 is 
patterned in a predetermined shape by photolithography to form 
an opening 64a where part of the gate electrode 62 is exposed. 

Subsequently, a metallic film such as cobalt or tungsten 
is formed over the entire upper surface of the semiconductor 
substrate 60 and then heat-treated. Therefore, as shown in 
FIG. 8B, a silicide film 66 is formed on the gate electrode 62. 
Unreacted part of the metallic film is then removed. 

Over the entire upper surface of the semiconductor 
substrate 60, an interlayer insulation film 67 of an 
insulating material such as S1O2 is formed, for example, in a 
thickness of 650 nm. The gate electrode 62, the SiN film 64, 
and the like are then covered with the interlayer insulation 
film 67. 
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Subsequently, as shown in FIG. 8C, a contact hole 67h is 
formed by photolithography, which reaches the LDD layer 63 
from the upper surface of the interlayer insulation film 67. 
Impurities are then ion- implanted at high concentration into 
the surface of the LDD layer 63 through the contact hole 67h 
to form a source/drain layer 63a. In this case, as shown in 
FIG. 9, each contact hole 67h is shaped as a rectangle, and a 
plurality of contact holes 67h are formed so as to be arranged 
along the gate electrode 62. 

Subsequently, as shown in FIG. 8D, the contact hole 67h 
is filled with metal such as tungsten to form a contact plug 
67a. Specifically, over the entire upper surface of the 
semiconductor substrate 60, a Ti film, for example with a 
thickness of 40 nm, and a TiN film, for example with a 
thickness of 15 nm are sequentially formed, and these Ti film 
and TIN film cover the wall surface and the bottom surface in 
the contact hole 67h. Thereafter, tungsten is deposited over 
the entire upper surface of the semiconductor substrate 60 , 
thereby filling the contact hole 67h with the tungsten and 
forming a tungsten film on the interlayer insulation film 67. 
The tungsten film, the Ti film and the TiN film are removed by 
CMP until the interlayer insulation film 67 is exposed. The 
contact plug 67a is composed of the tungsten, the Ti film and 
the TiN film, which remaining in the contact hole 67h. 

Thereafter, a metal lie film is formed on the interlayer 
insulation film 67. The metal lie film is a laminated film, 
for example, including a Ti film with a thickness of 20 nm, a 
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TIN film with a thickness of 50 nm, an Al film with a 
thickness of 500 nm and a TiN film with a thickness of 100 nm, 
which are laminated in this order. The metallic film is then 
patterned by photolithography to form wiring. A predetermined 
5 wiring line 68 in the wiring is electrically connected to the 

source/drain layer 63a via the contact plug 67a. The 
semiconductor device is thus completed . 

In this embodiment, after the SiN film 64 and the 
interlayer insulation film 67 are formed, the contact hole 67h 

10 is formed by etching the interlayer insulation film 67 and the 

SIN film 64. The source/drain layer 63a is formed by 
introducing the impurities in the LDD layer 63 through the 
contact hole 67h. Accordingly, the size of the source/drain 
layer 63a becomes the same as that of the opening in the SiN 

15 film 64 as a silicide block. Therefore, the distance between 

the source/drain layer 63a and the gate electrode 62 can be 
made smaller than the conventional one, and the density 
improvement of the semiconductor can be attained. 

FIGs. 10A to 10L are sectional views showing a 

20 manufacturing method for a semiconductor device including high 

voltage transistors and low voltage transistors to which the 
manufacturing method for a semiconductor of the second 
embodiment of the present invention is applied. 

Fixst, as shown in FIG. 10A, trenches are formed in 

25 element isolation regions of a p-type silicon semiconductor 

substrate 70. The trenches are filled with an insulating 
material such as Si02 to form element isolation films 71. 
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Subsequently, p-type inpurities or n-type impurities are 
selectively introduced into a formation region of an n- channel 
low voltage transistor, a formation region of a p-channel low 
voltage transistor and a formation region of a p-channel high 
5 voltage transistor to form a p well 72a, an n well 72b and an 

n well 72c, respectively. 

Surfaces of the semiconductor device 70 in element 
regions are then oxidized to form a gate insulation film (not 
shown) . On the gate insulation film, in a formation region of 

10 a n-channel high voltage transistor, the formation region of 

the n-channel low voltage transistor, the formation region of 
the p-channel low voltage transistor and the formation region 
of the p-channel high voltage transistor, gate electrodes 73a, 
73b, 73c and 73d are formed of polys ilicon in predetermined 

15 shapes, respectively. 

Subsequently, n-type impurities are introduced into the 
surface of the semiconductor substrate 70 using the gate 
electrode 73a as a mask to form LDD layers 74a of the n- 
channel high voltage transistor. Further, n-type inpurities 

20 are introduced into the surface of the p well 72a using the 

gate electrode 73b as a mask to form LDD layers 74b of the n- 
channel low voltage transistor. 

Similarly, p-type impurities are introduced into the 
surface of the n well 72b using the gate electrode 73c as a 

2 5 mask to form LDD layers 7 4c of the p- channel low voltage 

transistor. Further, p-type impurities are introduced into 
the surface of the n well 72c losing the gate electrode 73d as 
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a mask to form LDD layers 74d of the p-channel high voltage 
transistor. 

As shown in FIG. 10B, over the entire upper surface of 
the semiconductor substrate 70, an SiQ, film 75 is formed, and 
5 an SiN film 76 to be silicide blocks is further formed thereon. 

Subsequently, a photoresist film is formed on the SiN 
film 76, and exposure and development are performed to form 
resist films 77 covering regions where the silicide film is 
not formed as shown in FIG. 10C. The SiN film 76 and the SiQ, 
10 film 75 is anisotropically etched using the resist films 77 as 

masks. 

By such anisotropic etching, the gate electrodes 73b and 
73c of the low voltage transistors are exposed, and part of 
the gate electrode 73a of the n- channel high voltage 

15 transistor and part of the gate electrode 73d of the p-channel 

high voltage transistor are exposed through openings 77a and 
77b in the resist films 77, respectively. On side portions of 
each of the gate electrodes 73b and 73c , sidewalls 78 are 
formed of the SiOz film 75 and the SiN film 76. 

20 After the resist films 77 are removed, as shown in FIG. 

10D, a photoresist film 79 is formed, which covers the 
formation region of the p-channel low voltage transistor and 
the formation region of the p-channel high voltage transistor. 
N-type impurities are then ion- implanted at high concentration 

25 into the LDD layers 74b in the formation region of the n- 

channel low voltage transistor using the SiN film 76 and the 
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sidewalls 78 as masks to form source/drain layers 80b. The 
resist film 79 is then removed. 

Subsequently, as shown in FIG. 10E, a photoresist film 81 
is formed, which covers the formation region of the n-channel 
5 low voltage transistor and the formation region of the n- 

channel high voltage transistor. P-type impurities are then 
ion- implanted into the LDD layers 74c in the formation region 
of the p- channel low voltage transistor using the SiN film 76 
and the sidewalls 78 as masks to form source/drain layers 80c. 

10 The resist film 81 is then removed. 

Over the entire upper surface of the semiconductor 
substrate 70, a metallic film such as cobalt or tungsten is 
formed and then heat-treated. This causes metal atoms in the 
metallic film and silicon atoms in the silicon film react with 

15 each other in part where the metallic film and the silicon 

film are in contact with each other to form silicide films 82a, 
82b, 82c and 82d on the gate electrodes 73a, 73b, 73c and 73d, 
respectively, and to form a silicide films 83b and 83c on the 
source/drain layers 80b and 80c, respectively, as shown in FIG. 

20 10F. Uhreacted part of the metallic film is then removed by 

etching. 

Next, as shown in FIG. 10G, over the entire upper surface 
of the semiconductor substrate 70, an SIOz film is formed as an 
interlayer insulation film 84. 
25 Thereafter, as shown in FIG. 10H, a photo resist film 85 

is formed on the interlayer insulation film 84, and exposure 
and development are performed to provide openings in part 
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corresponding to the silicide films 83b on the source/drain 
layers 80b of the n- channel low voltage transistor and the 
silicide films 83c on the source/drain layers 80c of the p- 
channel low voltage transistor* The interlayer insulation 
film 84 is anisotropically etched through the openings to form 
contact holes 85h which reach the silicide films 83b on the 
formation region of the n-channel low voltage transistor and 
the silicide films 83c on the formation region of the p- 
channel low voltage transistor. The resist film 85 is then 
removed. 

Subsequently, as shown in FIG. 101, a photoresist film 86 
is formed on the interlayer insulation film 84, and exposure 
and development is performed to provide openings in part 
corresponding to the LDD layers 74a of the n-channel high 
voltage transistor and the LDD layers 74d of the p- channel 
high voltage transistor. The interlayer insulation film 84 is 
aniso tropica 11 y etched through the openings to form contact 
holes 86h which reach the LDD layers 74a of the n-channel high 
voltage transistor and the LDD layers 74d of the p-channel 
high voltage transistor. The resist film 86 is then removed. 

In this process, for example, as shown in FIG. 11A, each 
contact hole 86h may be shaped as a rectangle, and the contact 
holes may be arranged along the gate electrode 82a (or the 
gate electrode 82d) . Alternatively, as shown in FIG. 11B, a 
contact hole 86h may be shaped as a slit extending along the 
gate electrode 82a (or the gate electrode 82d) . 
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Subsequently, as shown in FIG. 10 J , a photoresist film 87 
is formed on the interlayer insulation film 84, and exposure 
and development are performed to provide an opening in part 
corresponding to the formation region of the n- channel high 
5 voltage transistor. N-type iitpurities are then introduced at 
high concentration into the LDD layers 74a through the contact 
holes 86h to form source/drain layers 88a. The resist film 87 
is then removed. 

Subsequently, as shown in FIG. 10K, a photoresist film 89 

10 is formed on the interlayer insulation film 84, and exposure 

and development are performed to provide an opening in part 
corresponding to the formation region of the p-channel high 
voltage transistor. P-type impurities are then introduced 
into the LDD layers 74d at high concentration through the 

15 contact holes 86h to form source/drain layers 88d. The resist 

film 89 is then removed. 

As shown in FIG. 10L, the contact holes 85h and 86h are 
filled with metal such as tungsten to form contact plugs 90a, 
90b, 90c and 90d, respectively. Thereafter, on the interlayer 

20 insulation film 84, a metallic film, for exairple, including a 

Ti layer, a TiN layer, an Al layer and a TiN layer laminated 
in this order is formed. The metallic film is patterned by 
photolithography to form wiring. In the wiring, predetermined 
wiring lines 9 la are individually connected to the 

25 source/drain layers 88a of the n-type high voltage transistor 

via the contact plugs 90a. Wiring lines 91b are individually 
connected to the source/drain layers 80b of the n-type low 
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voltage transistor via the contact plugs 90b and the silicide 
film 83b. Wiring lines 91c are individually connected to the 
source/drain layers 80c of the p-type low voltage transistor 
via the contact plugs 90c and the silicide film 83c. Wiring 
lines 9 Id are individually connected to the source/drain 
layers 88d of the p-type high voltage transistor via the 
contact plug 90d. 

As described above, the manufacturing method for a 
semiconductor device of this embodiment can be applied to the 
manufacturing method for a semiconductor device including low 
voltage transistors and high voltage transistors mixedly 
mounted. Also in this case, the distance between each 
source/drain layer and the gate electrode of the high voltage 
transistor can be made small, so that an effect of attaining 
the density improvement of the semiconductor device can be 
obtained. 



